Introduction {#section5-1179069518820323}
============

Memory formation is a complex process that involves different parts of the brain. In some conditions, disturbed functioning in one or more parts of a brain region is enough to cause memory dysfunction. Impaired memory is defined as any disturbance at any stage of memory formation, including encoding and retrieving recently acquired information, as well as disturbances involved in transferring information to long-term storage. The hippocampus and prefrontal cortex (PFC) are 2 important brain regions that are well known for the proper functioning of working memory.^[@bibr1-1179069518820323]^

Social isolation is a condition that has been shown to be associated with an impairment of memory. Because many people experience social isolation, the ability to recover from a memory impairment is important.^[@bibr2-1179069518820323]^ Treating memory dysfunction can involve different strategies. In this study, we look at resocialization as a plausible intervention for social isolation-induced memory disruption.

Socialization is an important concept for many aspects of human development, such as language, cognition, and emotion. Without enough socialization in childhood, humans are unable to properly develop in and throughout adulthood.^[@bibr3-1179069518820323]^ The ability to develop emotionally and cognitively enables humans to better communicate and succeed. Memory relies on developed emotional behaviors to properly function. One of the aims of this study was to approximate the importance of daily socialization for the maintenance of cognitive abilities. As investigated in this research, daily social interaction is needed to maintain normal brain functioning.

Following memory impairment, problems and difficulties may develop. Indeed, every aspect of life can be negatively influenced for someone having cognitive dysfunction. A wide range of symptoms can develop in a memory-disturbed person. These symptoms may be subtle or may present themselves as an advanced problem, such as those seen in Alzheimer disease.^[@bibr4-1179069518820323]^ Therefore, the restoration of memory using any tool is critically important. In this study, we propose resocialization as an effective tool to restore memory.

Oxidative stress (OS) is defined as the production of excess free radicals in a diseased state. This condition mandates the production of necessary antioxidants. Excessive free radicals, in the case where there is a shortage of antioxidants, may react rapidly with other vital molecules, such as those necessary for memory formation. Also, the generation of excessive oxidized materials, such as those that occur as a consequence of lipid peroxidation, is the hallmark of excessive free radical formation. OS has been observed in a wide variety of neurodegenerative disorders.^[@bibr5-1179069518820323]^ Apoptosis of neurons as a result of OS can occur via different mechanisms, such as those that may affect DNA integrity, protein function, and membrane lipid structure.^[@bibr6-1179069518820323]^ These mechanisms ultimately lead to neuronal death.^[@bibr7-1179069518820323]^

The improvement of short-term memory by enhancing oxidant defenses has been discussed^[@bibr8-1179069518820323]^; however, the improvement of short-term memory in a Y-maze by decreasing OS in the hippocampus and PFC has not been studied. Another purpose of this study is to assess to what extent resocialization restores memory in a Y-maze task compared with an antioxidant therapy, such as vitamin E therapy.^[@bibr9-1179069518820323]^

A social environment has profound effects on behavior and the nervous system. In many studies, it has been shown that various functions and the formation of certain structures in the nervous system are affected by social environments. Social environments vary across societies, families, friends, and even across natural environments. Emotional and cognitive abilities can decline if a subject is socially isolated.^[@bibr10-1179069518820323]^ To reap the benefits that socialization has on cognitive function, an individual should engage in this behavior frequently in daily life.

The aim of this study is to show that social isolation for 14 days reduces memory performance in a Y-maze, and with resocialization, memory performance is restored back to normal. In this regard, it is important to know whether the level of OS has an effect on immediate memory retrieval or not.

Materials and Methods {#section6-1179069518820323}
=====================

Animal care {#section7-1179069518820323}
-----------

The experimental protocols followed in this study conform to the guidelines for the care and use of laboratory animals published by the National Institutes of Health (NIH Publication No. 85-23, revised 1996) and was further approved by the institutional ethical committee at Tehran University of Medical Sciences (reference code: 91-01-159-18022; Tehran, Iran).

Animals: A total of 32 male Sprague-Dawley rats 8 to 10 weeks (200-250 g) were kept in controlled conditions (controlled temperature \[22°C ± 2°C\] and humidity \[50% ± 5%\]) with ad libitum access to food and water. Animals were handled, trained, and tested during the light cycle. All experimental protocols were in accordance with the Animal Ethics Committee of Tehran University of Medical Sciences. Rats were randomly divided into 4 experimental groups: social (control), isolation, resocialization for 3 days, and resocialization for 7 days.

Social (control) {#section8-1179069518820323}
----------------

In this group, 2 rats were put together in one large cage for 14 days, plus 1 week for acclimatization in controlled conditions.

Isolation {#section9-1179069518820323}
---------

Rats were placed in small individual cages for 14 days. Before isolation, rats were together for an acceptable time (14 days) to acclimate to the environment.^[@bibr11-1179069518820323]^

Resocialization {#section10-1179069518820323}
---------------

Rats had a similar pretreatment as in the isolated group, where the rats were together for an acceptable time (14 days) to acclimate to the environment. Rats were then isolated for 14 days and then resocialized for either 3 or 7 days. The method we used was forced resocialization, meaning that rats had no choice for selecting their peers. Prior to isolation, 4 rats were together in one cage.

Preparation of tissues for assessing OS markers {#section11-1179069518820323}
-----------------------------------------------

Brains were immediately removed and frozen in liquid nitrogen and placed in a −70°C freezer. For the preparation of the final homogenized sample, tissue blocks from hippocampus and PFC were prepared and after weighing, they were homogenized with buffer phosphate (1:10).

Malondialdehyde assessment {#section12-1179069518820323}
--------------------------

Total malondialdehyde assessment (MDA) was measured according to thiobarbituric acid (TBA) reaction. Briefly, to perform this analysis, TBA 1% (Sigma-Aldrich Co.) and trichloroacetic acid 20% (Sigma-Aldrich Co.) were mixed together. Then, 100 µL of the homogenized sample was added to the above mixture. After 90 minutes of boiling, the final solution developed a reddish-brown color and maximum absorbance was measured at 532 nm with a spectrometer.^[@bibr12-1179069518820323]^

Glutathione assessment {#section13-1179069518820323}
----------------------

DTNB was used as the reaction substrate for estimating the amount of reduced glutathione. For performing this experiment, Tris buffer (0.2 mol; Sigma-Aldrich Co.), DTNB (0.01 mol; Sigma-Aldrich Co.), and methanol (1.58 mL; Sigma-Aldrich Co.) were used. The homogenized sample (100 µL) was added to the above mixture. The final solution developed a light yellow color and maximum absorbance was measured at 412 nm with a spectrometer.^[@bibr13-1179069518820323]^

Nitrite/nitrate assessment {#section14-1179069518820323}
--------------------------

Total nitrite/nitrate was assessed according to Griess reaction. Briefly, to perform this experiment, n-1 (naphthyl) ethylenediamine (0.2%; Sigma-Aldrich Co.), sulfanilamide (2%; Sigma-Aldrich Co.), and acid phosphoric (5%; Sigma-Aldrich Co.) were mixed together. The homogenized sample (100 µL) was added to the above mixture. The final solution developed a pink color and maximum absorbance was measured at 540 nm with a spectrometer.^[@bibr14-1179069518820323]^

Spontaneous alternation in Y-maze {#section15-1179069518820323}
---------------------------------

Short-term spatial memory was assessed with a Y-maze apparatus. Briefly, a Y-maze apparatus has 3 arms that cross each other with 120° between them. Rats are expected to explore the new arms with a higher frequency than a recently explored arm. Returning to a previously explored arm was counted as a mistake. A lower frequency of exploration of the last previously explored arm is an indicator of better memory performance. The frequency of exploration of 3 consecutive new arms (A, B, and C) was considered as an actual alternation. The scores are calculated as follows: (actual alternation/maximal alternation − 2) × 100. Also, all numbers of entries were recorded.^[@bibr15-1179069518820323]^

Statistics {#section16-1179069518820323}
==========

Data were analyzed using SPSS version 22 and GraphPad Prism version 5. Univariate analysis of variance (ANOVA) with 2 factors (OS markers × resocialization) was done to investigate the equality of variance and if the inequality was significant, post hoc test of Tukey was done to assess the equality of means. Data were as represented as mean ± SEM and *P* \< .05 is considered significant. \*, \#, and \$ represent significance difference of mean data among different groups for the level of statistical significance of *P* \< .05. \* was used for groups that are adjacent (control (social) × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, symbols \# and \$ were used.

Results {#section17-1179069518820323}
=======

MDA level in hippocampus {#section18-1179069518820323}
------------------------

To investigate memory impairment as a result of excess MDA production in the hippocampus, an ANOVA was performed among the 4 groups of study (F~3,21~ = 71.05, *P* \< .0001 \[column factor\]). Rats in the control group had a lower level of MDA than in the isolation group (0.5975 ± 0.01638 vs 0.9475 ± 0.0715, *P* \< .0003). Rats in the resocialization for 3 days group had a higher level of MDA than the control group (0.5975 ± 0.01638 vs 1.32 ± 0.04675, *P* \< .0001). Rats in the resocialization for 7 days group had lower MDA levels than rats in resocialization for 3 days and in the isolation groups (44.95 ± 0.0211 vs 1.32 ± 0.04675, *P* \< .0001 and 44.95 ± 0.0211 vs 0.9475 ± 0.0715, *P* \< .0001, respectively; [Figure 1](#fig1-1179069518820323){ref-type="fig"}).

![This figure shows MDA levels in the Hippocampus in all 4 groups. As the figure shows, after 7 days of resocialization, MDA levels returned to normal. Data were represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used. MDA indicates malondialdehyde.](10.1177_1179069518820323-fig1){#fig1-1179069518820323}

MDA levels in the PFC {#section19-1179069518820323}
---------------------

To investigate memory impairment as the result of excess MDA production in the PFC, an ANOVA was performed among the 4 groups of study (F~3,21~ = 64.4, *P* \< .0001 \[column factor\]). Rats in the control group had lower levels of MDA than in the isolation group (0.2863 ± 0.07334 vs 0.96 ± 0.05004, *P* \< .0001). Rats in the resocialization for 3 days group had higher levels of MDA than in the control group (0.2863 ± 0.07334 vs 1.288 ± 0.02836, *P* \< .0001). Rats in resocialization for 7 days group had lower MDA levels than rats in the resocialization for 3 days and isolation groups (0.425 ± 0.08126 vs 1.288 ± 0.02836, *P* \< .0001 and 0.425 ± 0.08126 vs 1.288 ± 0.02836, *P* \< .001, respectively; [Figure 2](#fig2-1179069518820323){ref-type="fig"}).

![This figure shows MDA level in the prefrontal cortex in all 4 groups. As the figure shows, after 7 days of resocialization, MDA levels have normalized. Data were as represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used. MDA indicates malondialdehyde.](10.1177_1179069518820323-fig2){#fig2-1179069518820323}

Glutathione level in hippocampus {#section20-1179069518820323}
--------------------------------

For investigating memory improvement as a result of glutathione production in the hippocampus, an ANOVA was performed among the 4 experimental groups (F~3,21~ = 19.51, *P* \< .0001 \[column factor\]). Rats in the control group had a higher level of glutathione than in the isolation group (3.895 ± 0.1675 vs 2.113 ± 0.06948, *P* \< .0001). Rats in the resocialization for 7 days group had a higher level of glutathione than rats in resocialization for 3 days and isolation groups (4.074 ± 0.4309 vs 2.015 ± 0.07869, *P* \< .0003; [Figure 3](#fig3-1179069518820323){ref-type="fig"}).

![This figure shows the glutathione level in the hippocampus in all 4 groups. As the figure shows, after 7 days of resocialization, glutathione has normalized. Data were as represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used.](10.1177_1179069518820323-fig3){#fig3-1179069518820323}

Glutathione level in PFC {#section21-1179069518820323}
------------------------

For investigating memory improvement as a result of enough glutathione production in the PFC, an ANOVA was performed among the 4 groups of study (F~3,21~ = 12.84, *P* \< .0001 \[column factor\]). Rats in the control group had a higher level of glutathione than the isolation group (2.449 ± 0.09927 vs 1.468 ± 0.1432, *P* \< .0001). Rats in the resocialization for 7 days group had a higher level of glutathione than rats in the resocialization for 3 days and isolation groups (3.468 ± 0.2930 vs 2.210 ± 0.2721, *P* \< .0072; [Figure 4](#fig4-1179069518820323){ref-type="fig"}).

![This figure shows glutathione levels in the prefrontal cortex in all 4 groups. As the figure shows, after 7 days of resocialization, glutathione has normalized. Also, after 3 days of resocialization, the level of glutathione is not significantly different from the control group. Data were as represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used.](10.1177_1179069518820323-fig4){#fig4-1179069518820323}

Nitrite/nitrate in hippocampus {#section22-1179069518820323}
------------------------------

To investigate memory improvement as a result of enough nitrite/nitrate production in the hippocampus, an ANOVA was performed among the 4 groups of study (F~3,21~ = 12.45, *P* \< .0001 \[column factor\]). Rats in the control group had a higher level of nitrite/nitrate than in the isolation group (17.27 ± 1.483 vs 9.231 ± 0.8847, *P* \< .0004). Rats in the resocialization for 7 days group had a higher level of nitrite/nitrate than rats in the resocialization for 3 days and isolation groups (15.01 ± 2.438 vs 24.77 ± 1.748, *P* \< .0058; [Figure 5](#fig5-1179069518820323){ref-type="fig"}).

![This figure shows the nitrite/nitrate level in the hippocampus in all 4 groups. As the figure shows, after 7 days of resocialization, nitrite/nitrate has normalized. Also, after 3 days of resocialization, nitrite/nitrate levels are not significantly different from the control group. Data were as represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used.](10.1177_1179069518820323-fig5){#fig5-1179069518820323}

Nitrite/nitrate in PFC {#section23-1179069518820323}
----------------------

For investigation of memory improvement as a result of enough nitrite/nitrate production in the PFC, an ANOVA was performed among the 4 experimental groups (F~3,21~ = 25.88, *P* \< .0001 \[column factor\]). Rats in the control group had a higher level of nitrite/nitrate than the isolation and resocialization for 3 days rat groups (18.65 ± 1.591 vs 10.59 ± 0.3359, *P* \< .0002 and 18.65 ± 1.591 vs 8.787 ± 0.8647, *P* \< .0001, respectively). Rats in the resocialization for 7 days group had a higher level of nitrite/nitrate than rats in the resocialization for 3 days and isolation groups (8.787 ± 0.8647 vs 19.73 ± 1.136, *P* \< .0001; [Figure 6](#fig6-1179069518820323){ref-type="fig"}).

![This figure shows the nitrite/nitrate level in the prefrontal cortex in all 4 groups. As the figure shows, after 7 days of resocialization, nitrite/nitrate has normalized. Data were as represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used.](10.1177_1179069518820323-fig6){#fig6-1179069518820323}

The short-term memory (retrograde working memory) as assessed by Y-maze {#section24-1179069518820323}
-----------------------------------------------------------------------

### Spontaneous alternation {#section25-1179069518820323}

For the investigation of memory performance among the different experimental groups, an ANOVA was performed (F~3,21~ = 31.53, *P* \< .0001 \[column factor\]). Rats in the control group had a better performance in a Y-maze memory test than the isolation group (85.50 ± 2.533 vs 52.83 ± 2.934, *P* \< .0001). Rats in the isolation group had a weaker performance in a Y-maze memory test than rats in the resocialization for 3 days and in resocialization for 7 days group (52.83 ± 2.934 vs 90.63 ± 3.128, *P* \< .0001 and 52.83 ± 2.934 vs 85.00 ± 2.988, *P* \< .0001, respectively; [Figure 7](#fig7-1179069518820323){ref-type="fig"}).

![This figure shows spontaneous alternation in Y-maze. As marked by connectors, memory was retrieved after 3 days of resocialization. In this regard, other mechanisms other than oxidative stress status may be involved. Data were as represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used.](10.1177_1179069518820323-fig7){#fig7-1179069518820323}

### A number of entries {#section26-1179069518820323}

To investigate the number of entries into Y-maze arms among different groups of study, an ANOVA was performed among the 4 groups of the study (F~3,21~ = 6.676, *P* \< .0024 \[column factor\]). Rats in the isolation group had more entries into Y-maze arms than the control group (8.375 ± 0.9989 vs 15.00 ± 2.009, *P* \< .0105). Also, rats in resocialization for 3 days had more entries into the arms than rats in resocialization for 7 days (16.38 ± 1.899 vs 8.500 ± 1.225, *P* \< .0036). Rats in the control group had fewer entries into Y-maze arms than rats in the resocialization for 3 days (8.375 ± 0.9989 vs 16.38 ± 1.899, *P* \< .0022). Also, rats in the resocialization for 7 days group had fewer entries into Y-maze arms than rats in the isolation group (8.500 ± 1.225 vs 15.00 ± 2.009, *P *\< .0153; [Figure 8](#fig8-1179069518820323){ref-type="fig"}).

![This figure shows a number of entries into Y-maze arms in Y-maze. More number of entries is associated with more memory disturbance. It is thought that more exploratory activity in rats with resocialization for 3 days is indicative of more effort to avoid wrong entries which means to enter to previously explored arms. Data were as represented as mean ± SEM and *P* \< .05 is considered significant (n = 8). \* was used for groups that are adjacent (control × isolation and resocialization for 3 days (Resoc for 3 days) × resocialization for 7 days (Resoc for 7 days)) and for those groups that are not adjacent, the symbols \# and \$ were used.](10.1177_1179069518820323-fig8){#fig8-1179069518820323}

Discussion {#section27-1179069518820323}
==========

In this experiment, we showed that the level of OS markers had little influence on short-term memory retrieval after 14 days of social isolation. This finding was highlighted by showing that after 3 days of resocialization, any memory deficit was restored to a normal state independent of all types of antioxidant defense. Also, after 7 days of resocialization, memory status in the Y-maze was equal to that of those in the 3 days of the resocialization group, so any improvement in the levels of antioxidant markers was not necessary to restore memory performance in the Y-maze.

Oxidative stress can cause memory impairment via different mechanisms. Age-related memory deficits occur because of the accumulation of oxidative damage and concurrent reduction in antioxidant defenses, which results in a reduction in acetylcholine.^[@bibr16-1179069518820323]^ In childhood, OS can cause cognitive deficits through an overload of iron.^[@bibr17-1179069518820323]^ Sleep deprivation also causes cognitive deficits through an increase in OS.^[@bibr18-1179069518820323]^

Oxidative stress affects both short-term memory and long-term memory; for example, in one study, nicotine-induced both short-term and long-term memory impairment.^[@bibr19-1179069518820323]^ Memory impairment can happen through changes in infrastructures of the synapse, such as alterations in synaptic plasticity.^[@bibr20-1179069518820323]^

Oxidative stress is the cause of some important psychiatric disorders, such as schizophrenia and depression.^[@bibr21-1179069518820323]^ The mechanism driving OS to produce such diseases is unclear, but treatment with antioxidants can improve symptoms in schizophrenia^[@bibr22-1179069518820323]^ and bipolar disorder.^[@bibr23-1179069518820323]^ This has importance because memory impairment, based on recent studies, can initiate psychiatric disorders. A depletion of glutathione is thought to impair spatial memory by weakening dopaminergic or glutamatergic action and this evidence comes from studies on schizophrenia.^[@bibr24-1179069518820323]^

As our results indicate, memory in a Y-maze is not completely dependent on OS status and there may be another regulatory mechanism that operates in the absence of a good OS profile. In this experiment, MDA levels in the PFC were not reduced after 3 days of resocialization. Also, only glutathione in the PFC and nitrite/nitrate in the hippocampus returned to normal levels after 3 days of resocialization. Therefore, according to our research, short-term memory in a Y-maze is more dependent on glutathione in the PFC and nitrite/nitrate in the hippocampus along with MDA playing a weaker role in this regard. However, for maintenance of good short-term memory performance, OS seems to be necessary. Memory formation involves different stages that require that the PFC and hippocampus work in parallel to each. To understand the exact mechanism behind memory formation, more studies are recommended.

Based on previous studies, the stress from both long-term and short-term isolation increases the susceptibility of prefrontal and hippocampus disturbances in cognitive function.^[@bibr25-1179069518820323]^ In this study, the behavioral paradigm altered memory processes assessed by a Y-maze. Overall, stress from isolation declines cognitive abilities. In this study, using our paradigm, we showed that memory declined in a Y-maze experiment and that the duration of isolation is important. It is possible that with a longer isolation period, memory may decline even more.

Social interaction vs social isolation is an important factor that alleviates the adverse effects of dementia-related induced social isolation.^[@bibr26-1179069518820323]^ Studies have been well documented showing that social interaction is a necessary treatment for reducing the side effects of social isolation that occur as a consequence of dementia.^[@bibr27-1179069518820323],[@bibr28-1179069518820323]^ In some studies, socialization with animals has successfully been used to improve memory in patients with dementia.^[@bibr29-1179069518820323]^ Socialization is recommended for those affected patients who lose their memory gradually because dementia eventually detaches the person from society.^[@bibr30-1179069518820323]^ However, in this study, social isolation was selected for inducing memory impairment as it is the cause of many behavioral abnormalities, such as memory impairment, anxiety-related disorders, and also emotionally related disorders.^[@bibr31-1179069518820323]^ The mechanism that eventually leads to permanent memory loss is poorly understood. However, this study was designed in such a way that the mechanisms behind social interaction have been shown to improve memory. To investigate the benefits of social interaction and the mechanism that underlies this, we induced memory impairment in rats using social isolation and then resocialization for different durations. Social interaction of 3 days was selected to assess the prompt benefit of social interaction. Memory was recovered after this period, but OS that was assessed by measuring MDA, glutathione, and nitrite/nitrate was not improved. In this regard, this study describes that OS is not the only factor that needs to improve to see an improvement in memory retrieval. Based on previous studies, the amelioration of OS has been suggested as a new treatment for memory impairment.^[@bibr32-1179069518820323]^ However, this study emphasizes the importance of social interaction, emphasizing that it is more effective than drug therapy. Social interaction is a necessary behavior for the maintenance of normal brain function and encompasses components such as emotion and cognition. This interaction of cognition and emotion on the maintenance of normal brain function is not well understood. In human society, many factors influence social interaction, such as culture, social class, social status, roles, groups, and social institutions, and they have been successfully used for the improvement of behavioral abnormalities, such as memory impairment.^[@bibr33-1179069518820323]^

Memory that is assessed by a Y-maze involves two areas of the brain: the hippocampus and PFC. Memory formation is a multistage process. In each stage, some faculties of the brain are necessary for memory formation. Any type of memory requires a similar encoding process. However, for consolidation and storage of memories, especially spatial memories, different structures of the brain are necessary. In memory that is assessed by Y-maze (retrograde spatial working memory), the hippocampus is necessary to encode and retrieve the information of the main components of memory other than the surroundings. Spatial memory, in particular, appears to be much more confined to the hippocampus, particularly the right hippocampus, which seems to be able to create a mental map of space with special cells called place cells.^[@bibr34-1179069518820323]^ The lateral PFC is essential for remembering contextual details of an experience rather than for memory formation.^[@bibr35-1179069518820323]^ Therefore, both hippocampus and PFC are necessary parts of spatial working memory formation. The memory that is assessed by Y-maze is a type of memory that is most affected by Alzheimer disease.^[@bibr36-1179069518820323]^

Based on the results of this study, OS is not a necessary factor for rapid memory retrieval. Although recent studies suggest that OS is a necessary factor for memory function, the result of this study highlighted the importance of other factors in memory retrieval besides OS. Different studies have well described the importance of OS in memory improvement.^[@bibr16-1179069518820323],[@bibr37-1179069518820323]^ Most studies support the idea that OS can damage neuronal components and reduce memory.^[@bibr38-1179069518820323]^ Based on these results, different studies have been designed to show the importance of OS in memory function in aged individuals.^[@bibr39-1179069518820323],[@bibr40-1179069518820323]^ Also, many studies support the idea that antioxidant therapy is a necessary treatment for the improvement of long-term potentiation.^[@bibr20-1179069518820323],[@bibr41-1179069518820323],[@bibr42-1179069518820323]^ A recent study suggests that cognitive training by improving OS will improve overall memory functioning in aged individuals.^[@bibr39-1179069518820323]^ However, the importance of OS in rapid memory retrieval has not been supported by previous studies. For rapid memory retrieval, there are few studies and they cannot fully explain the precise mechanism. It has been suggested that mineralocorticoids and norepinephrine are necessary for rapid memory retrieval.^[@bibr43-1179069518820323],[@bibr44-1179069518820323]^ Also, in another study, PFC activation was shown as an important factor for memory retrieval.^[@bibr45-1179069518820323]^ However, there is a lack of studies to document the precise mechanism underlying rapid memory retrieval. This study suggests that OS is not mandatory for this purpose and social interaction may be more efficient for rapid memory retrieval. Previous studies have established the positive effects of social interaction on cognitive function. Social interaction involving discussing daily emotional and neutral events with other people can improve the accuracy of memory.^[@bibr46-1179069518820323]^ This study also confirms that social interaction is necessary for proper memory function.

In recent studies, there has been great interest in elucidating the exact role of the hippocampus and PFC in various stages of memory formation and how they interact with each other. In this experiment, memory formation and retrieval were assessed. Therefore, it is important to know how the hippocampus and PFC contribute to memory formation and retrieval. In this experiment, we showed that hippocampus and PFC function in the Y-maze are related to each other, as a better score in 2 OS markers was obtained in the resocialization for 3 days group along with better performance in the Y-maze.

Generally, the hippocampus and its adjacent areas are involved in different memory-related tasks, but more specifically, the rapid formation of new memories requires the hippocampus.^[@bibr47-1179069518820323]^ It has a close association with areas of the neocortex for the consolidation of memories.^[@bibr34-1179069518820323]^ Aside from place cells, which are necessary for the formation of memories based on the spatial relationship of different objects, the hippocampus also has another type of cell called a time cell. The time cell relates to memories of related events that happen in sequential order in time.^[@bibr48-1179069518820323]^ The hippocampus is not only capable of encoding memory but also can consolidate memories.^[@bibr49-1179069518820323]^ The hippocampus has connections with the PFC for the consolidation of memories.^[@bibr50-1179069518820323]^

The PFC is involved in the consolidation of memories and for the facilitation of the retrieval of memories. For the consolidation of memories, old memories need to be incorporated into new schemes. In this regard, the PFC has an important role. Frankland et al^[@bibr51-1179069518820323]^ showed that destroying the medial PFC impairs the retrieval of distant memories, but not recent ones. Different parts of prefrontal areas do not have the same function in memory-related issues.^[@bibr52-1179069518820323]^ It should be noted that for the retrieval of memories, new and old memories mix together in a context of memory formation. In this regard, the PFC plays a pivotal role.^[@bibr53-1179069518820323]^

For the elucidation of the hippocampus and PFC in memory ability, different paradigms of experiments have been used. The prefrontal-hippocampus interconnection is useful for proper retrieval, but damage to the hippocampus does not disrupt memory retrieval.^[@bibr54-1179069518820323]^

In this study, the role of different OS markers, such as MDA, glutathione, and nitrite/nitrate, was assessed in 2 regions of the brain to uncover the importance of each marker in the short term (3 days of resocialization) and long term (7 days of resocialization). We discovered that only 2 factors (glutathione in the PFC and nitrite/nitrate in the hippocampus) are necessary for short-term memory retrieval in the Y-maze. An interesting finding may be that rats after 3 days of resocialization had more exploratory activity (as was assessed by the number of entries in the Y-maze) to compensate for impaired memory.

Conclusions {#section28-1179069518820323}
===========

Social isolation caused memory deficits in a Y-maze. Resocialization of rats was an effective treatment for the reinstatement of working memory. The restoration of antioxidant defense with resocialization was not the only factor that aided in the retrieval of memory in the Y-maze. Other factors were activated with resocialization to restore memory back to its normal state, as was shown by the fact that only 2 markers went back to a normal state after 3 days of resocialization. Therefore, it seems that an antioxidant defense is not the major factor for restoring memory deficits resulting from social isolation.
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